Role of Na(+)-Ca2+ exchange in the regulation of vascular smooth muscle tension.
To determine the role of the Na(+)-Ca2+ exchange systems of nerve terminal and sarcolemmal membrane on development of tension in rabbit aortic rings, internal or external Na+ concentration was changed with either ouabain or Na(+)-free solution, respectively. Ouabain produced a verapamil-insensitive but external Na(+)- and Ca(2+)-dependent biphasic tension with distinct lag periods both of which were shortened by depolarization with KCl. The first phase of tension was inhibited by prazosin, phentolamine, in vitro neurolysis with 6-hydroxydopamine and in vivo treatment with reserpine to deplete catecholamines in nerve terminals. Therefore, first phase of tension was attributed to catecholamines released from nerve terminals induced by increased axoplasmic Ca2+ concentration mediated by the neural Na(+)-Ca2+ exchanger due to the increased axoplasmic Na+ concentration resulting from inhibition of the Na(+)-Ka+ pump with ouabain. In the absence of the first phase of tension, the second phase of tension was enhanced by caffeine, presumably by preventing sequestration of the sarcolemmal Na(+)-Ca2+ exchanger-mediated increase in cytosolic Ca2+ concentration in vascular smooth muscle cells. The prazosin-insensitive tension was dependent on the external Na+ concentration and was also attributed to the sarcolemmal Na(+)-Ca2+ exchanger of vascular smooth muscle. The magnitude of the increase in tension with ouabain or Na(+)-free solution attributed to the sarcolemmal Na(+)-Ca2+ exchanger of vascular smooth muscle was larger than that mediated by the exchanger of the nerve terminal. It was concluded that the Na(+)-Ca2+ exchange systems of both the nerve terminal and the vascular smooth muscle sarcolemma contribute to the development of tension by different mechanisms and to different extents when internal or external Na+ concentration was changed.